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THE EFFECT OF NYSTATIN* ON EXPERIMENTAL CANDIDIASIS
IN TISSUE CULTUREf
FUNAN HU, M.D.
In a previous paper the effects of three antifungal agents (Endomycin, Candi-
cidin A, and Asterol) on C. albicans grown conjointly with human skin or em-
bryonic chick heart in tissue culture were reported (1). This technic made it
possible to observe the effects of drugs on the fungi and host cells simultaneously
in the same system. The present study deals with the investigation of the action
of a new antifungal agent, Nystatin, on human epidermal cells and C. albicans
conjointly cultivated in the roller tube.
The technic employed in this study has been described in a previous report
(2). This method is preferable to the hanging drop technic which was used
previously in the study of antifungal agents for the following reasons:
(1) It provides a longer observation period;
(2) It is a system from which the infectious agent, as well as the drug, can be
introduced and removed at will;
(3) It simulates more of the conditions of actual clinical infection.
METHOD AND MATERIALS
Human foreskins obtained from infants following circumcision procedures
were utilized as explants. The culture medium consisted of a chick plasma-
embryonic-extract clot and supernatant nutrient fluid of Gey's balanced salt
solution, human ascitic fluid, and dilute embryonic extract.
After an epithelial sheet of considerable size, approximately 1—2 mm. in width,
was obtained, usually 7—14 days after cultivation, the coverslip which carried the
culture and its outgrowth of epithelial cells was removed under aseptic condi-
tions. The culture of C. albicans in suspension was inoculated at this time.
Four strains of C. albicans (# 1002, 1010, 995, and 953) employed were trans-
plants of pure cultures which were isolated from clinical cases of cutaneous
moniliasis. They had been maintained in the laboratory on Sabouraud's dextrose
agar medium for periods of from 8 to 12 months. Suspensions of the organisms
were prepared by first making a nine-point inoculum on the surface of the
Sabouraud's dextrose agar slant in the Wilson culture bottle, which was kept
at room temperature for a period of 4 days. At the end of this time there were
colonies approximately 4 to 5 mm. in diameter, one at the site of each of the nine
inocula. These colonies were flushed off the surface with 1 ml. of distilled water,
and the suspension was removed from the culture bottle by pipettement. This
suspension was maintained at refrigeration temperature; each week a fresh
suspension was made to insure uniformity of the inoculum.
* Nystatin (Mycostatin, Squibb Brand of Nystatin) was supplied through the courtesy
of the Squibb Institute for Medical Research.
t From the Division of Dermatology, Henry Ford Hospital, Detroit, Michigan (Dr.
Clarence S. Livingood, Physician-in-Charge).
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A tiny amount of the thoroughly mixed suspension of C. albicans was carried
on the tip of a platinum wire and deposited at four points immediately peripheral
to the epithelial sheet of each of the explants. In order to test the effect of drug
on the size of inoculum, a 1:10 diluted suspension was also employed in addition
to the one prepared from the agar culture.
The antifungal agent, Nystatin (Mycostatin, Squibb Lot No. St. 695-714/15-
1-B), is practically insoluble in water or buffered solutions at pH 7.0 (10 to 20
units per ml.) (3); therefore, a water suspension was used in this study. It was
incorporated in the supernatant nutrient at proportions of 1:20. At a concentra-
tion of 25 units per ml., it is almost completely in solution.
Since Nystatin quickly breaks down in the presence of water or plasma (3)
a fresh supernatant fluid was made each time and was introduced into the culture
system within 1 hour. It remained in the cultures of epithelial sheet and Candida
at incubation temperature for 42 hours. At the end of this period, the cultures
were fixed and stained for evaluation.
During the transfer of the C. albicans to the skin cultures, time (usually a few
minutes) was allowed for the organisms to settle on the coverslip before the
addition of the supernatant fluid so that the Candida were not washed off en-
tirely into the fluid part of the medium.
Before final fixation, the supernatant fluid of these cultures was collected and
centrifuged in separate tubes. The sediments were then inoculated into the
Sabouraud's dextrose agar slant in the Wilson bottle. Two cultures were made out
of the sediment of each tube. One loopful (a standard 3 mm. platinum wire loop)
of sediment was streaked in one, and 3 loopfuls of the same were inoculated at 9
points in another. This was done in order to determine whether the Candida
was still viable after the drug action. These cultures were examined daily for
typical colonies of C. albicans during the first week, and then weekly for 4 weeks.
The strains of C. albicans were inoculated into 2 sets of roller tube cultures;
the media in these two sets were identical. The only difference was that the human
skin explants were included in one set of cultures, but not in the other set. These
cultures were examined daily for one week and then weekly for a total of four
weeks. These experiments were done in order to determine the possible effect of
the skin explants on the monilicidal or monilistatic effect of the Nystatin.
The effect of Nystatin on C. albicans was also investigated with the antifungal
agent incorporated in the Sabouraud's dextrose agar medium. The drug was
added to the sterile Sabouraud's medium at 500 C. at concentrations of 100 and
50 units respectively. The undiluted suspension or a 1:10 dilution of the suspen-
sion of C. albicans was either streaked on the agar slant with a cotton swab which
had been dipped in the suspension or was inoculated with a platinum wire as a
nine-point inoculum. The cultures were maintained at room temperature and
were examined daily for the first week and weekly for the next 4 weeks.
The pH of this medium was not adjusted. The presence of Nystatin tends to
lower the pH of the medium to a certain extent. It was found to be approximately
between 4.5 to 5 instead of the usual pH of 5.5 of Sabouraud's dextrose agar.
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Fio. 1—2. Conjoint in vitro cultures of human skin and C.albicans. 12-day culture. May-
Greenwald and Giemsa stain, X50.
Fio. 1. Normal epithelial sheet and colonies of C. albicans, 42 hours after inoculation of
the latter.
Fio. 2. Picture showing the edge of normal epithelial sheet on the left and half of the
inoculated colony of Candida on the right. Culture treated with 25 units/ml.
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RESULTS
Nystatin was found to be toxic (marked to complete injury) to the human
epidermal cells grown in roller tube at concentration of 5000 units per ml. No
injury was seen at concentrations of 500 units or less (2).
All four strains of C. albicans used in this experiment were inhibited by Nystatin
at concentrations of 12.5, 25, 50, and 100 units per ml. for a contact period of
42 hours. There was no multiplication of Candida when the organisms were
3 4
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FIG. 3—6. Effects of Nystatin on C. albicans grown conjointly with human skin in roller
tube. May-Greenwald and Giemsa stain, X200.
FIG. 3. Normal epithelial cells and C. albicans, control. Note the mycelia and blasto-
spores of Candida superimposed on the human epidermal cells.
FIG. 4. Culture treated with 12.5 units/ml of Nystatin for 42 hours. Note cluster of my-
celia and scanty number of spores.
FIG. 5. Culture treated with 25 units/ml of Nystatin for 42 hours. Note the "hand-mirror"
forms of C. albicans at the site of inoculation.
FIG. 6. Culture treated with 100 units/ml of Nystatin for 42 hours. Only spores seen at
the site of inoculation. No evidence of proliferation.
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grown in culture medium containing 100 units of the antifungal agent (Fig.
1, 2). This was further confirmed by a negative growth when the sediment of the
centifuged supernatant fluid was inoculated to the Sabouraud's dextrose agar
medium. This perhaps indicates a monilicidal effect. With concentrations of 50,
25, and 12.5 units, the proliferation of the organisms was definitely inhibited
as shown by the scanty number (Fig. 3, 4, 5, 6), hand mirror forms, and absence
of mycelial elements; however, almost all of these cultures gave positive growth
when transferred to the Sabouraud's medium. Therefore, these effects were
considered to be only monilistatic.
The effectiveness of the antifpngal agent also varied with the size of the inocu-
lum. When a concentration of 50 units per ml. was found to produce a "monili-
cidal" effect on the organisms at 1:10 dilution of the Candida suspension, 100
units were required to produce the same effect on the undiluted suspension.
Therefore, in comparing the relative efficiency of effects of various agents, a
standard inoculum is important. In Sabouraud's dextrose agar, the effect of
Nystatin on C. albicans was found to be comparable to that observed in tissue
culture. All four strains tested were inhibited at 100 units per ml. of medium;
while in medium containing 50 units of Nystatin, positive growth was noted in
three out of sixteen cultures 2—3 weeks after inoculation.
The susceptibility of Candida to the action of Nystatin was found to be not
influenced by the presence of human skin explants cultivated conjointly in the
same system.
CONCLUSIONS
The result of the present tissue culture study indicates that Nystatin, under
the conditions of the experiment, fulfills the requirements of a good in vitro
antimonilial agent; i.e., it inhibits proliferation of C. albicans at concentrations
of 50 units and probably kills the organisms at 100 units per ml. of culture
medium; and it produces no harmful effects on human epidermal cells at these
concentrations. It has a considerable margin of safety. It begins to produce
toxic effects on epithelial cells at concentrations higher than 500 units and does
not cause complete injury until a concentration of 5000 units is reached.
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